1. Introduction
===============

The incidence of inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn disease (CD), is increasing worldwide over years. The incidence in developed countries is up to 24/100,000/year (for UC in Europe), with a prevalence as high as 505 and 322/100,000/year for UC and CD, respectively.^\[[@R1]\]^ IBD has become one of the focuses in the field of digestive diseases. In the past 20 years, a variety of basic and clinical studies have been conducted to investigate IBD. It has not only a characteristic change of nonspecific chronic inflammation in the intestine, but may cause involvement of extraintestinal systems, such as bone and joint system, hepatobiliary system, respiratory system, and skin and mucous membranes. It has been regarded as a complicated and systemic disease.^\[[@R2],[@R3]\]^

The pathogenesis of IBD is still unclear, and the cause of extraintestinal involvement is also poorly understood. The incidence of extraintestinal manifestations is approximately 6% to 47% in IBD patients,^\[[@R4]--[@R6]\]^ and it was estimated that 40% to 60% of IBD patients had some degree of subclinical lung involvement evidenced through alterations in pulmonary function tests or high resolution tomographic imaging.^\[[@R7],[@R8]\]^

From the point of view of embryonic development, the gut and the bronchial tree are derived from the same germ-layer: the foregut region of the endoderm.^\[[@R9]\]^ This may partially explain why lung inflammation rapidly develops or exacerbates after the resection of involved intestine in UC patients. This phenomenon of inflammation shift provides evidence for the "gut-lung homology." Kraft et al^\[[@R10]\]^ for the first time proposed that the inflammation in IBD also affected the lung, based on the analysis of 6 IBD patients with productive cough. Thereafter, Basseri et al,^\[[@R11]\]^ Mikhailova et al,^\[[@R12]\]^ and Papanikolaou et al^\[[@R13]\]^ reported IBD patients with unexplained pulmonary occult lesions and changes in lung function. By the end of 2000, the pulmonary dysfunction related to IBD has been reported in more than 100 cases worldwide, while rarely reported in China.

The pulmonary dysfunction in IBD patients can occur at any stage of the disease, from days to years after the diagnosis. Findings from available studies indicate that IBD may affect any part of the respiratory tract, but the symptoms and signs are nonspecific.^\[[@R14]\]^ Some patients even have no respiratory manifestations, but the lung function test shows pulmonary dysfunction of varying degrees, which leads to misdiagnosis or missed diagnosis. Thus, the therapy by glucocorticoid is often delayed in them. Therefore, early detection of lung dysfunction, and comprehensive evaluation of IBD patients are crucial for the early treatment and interventions and may avoid or delay the deterioration of pulmonary function, and improve their prognosis.^\[[@R15]\]^

In the present study, medical information was collected from IBD patients who were recruited from our hospital between June 2013 and October 2014, the pulmonary function was analyzed and the correlation between IBD and lung dysfunction was evaluated.

2. Methods
==========

2.1. Patients
-------------

A total of 114 patients with active IBD, including UC in 50 cases and CD in 64 cases, were enrolled consecutively into this study from the Department of Gastroenterology, the Tenth People\'s Hospital of Tongji University between June 2013 and October 2014. IBD was diagnosed on the basis of clinical manifestations, colonoscopy, pathological examination of the mucosa or intestinal tissues collected during the surgery according to the World Gastroenterology Organization Practice Guidelines for the diagnosis and management of IBD (2010).^\[[@R16]\]^ The extent and activity of IBD were assessed endoscopically with Truelove and Witts score^\[[@R17]\]^ for UC and CDAI for CD.^\[[@R18]\]^ At the same time, 120 healthy subjects were collected as control from those who came to hospital for health examination. Chronic disease history of intestinal tract and respiratory system were excluded, but there may be long-term chronic smoking history.

Exclusion criteria of IBD patients were as follows: patients with a history of chronic respiratory disease, a history of smoking, exposure to harmful dust, and a history of upper respiratory tract infection within 1 month; pregnancy or breastfeeding; prior bowel resection leading to diarrhea, and/or pouch formation, toxic megacolon, hemorrhagic diathesis, present or past colorectal cancer; abnormal liver/kidney function tests.

Blood samples were collected for the measurements of hemoglobin, C-reaction protein (CRP) and erythrocyte sedimentation rate (ESR). This study was approved by the Ethics Committee of our hospital (No.: SHSY-IEC-pap-12-1), and signed informed consent was collected before study.

2.2. Methods
------------

The age, sex, family history, duration of disease, biochemical parameters (CRP, ESR, blood routine test, etc.), lung function, chest X-ray, diagnoses, and treatments were collected. Patients and controls underwent standard pulmonary function testing. The vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in first second (FEV~1~), peak expiratory flow rate (PEF), maximum mid-expiratory flow (MMEF), carbon monoxide diffusing capacity, and carbon monoxide diffusing capacity/lung volume were detected. The Master Screen spirometer was from Jaeger Company (Würzburg, Germany), and pulmonary function test was conducted by the same clinician. To avoid the impact of body surface on the lung function, results were normalized by the predicted value (%). As we known, lung ventilation is the process of gas exchange between the lungs and the outside environment while lung diffusion is the process of gas exchange within the lungs. The measurements of VC, FVC, and FEV~1,~ MMEF are usually used to estimate ventilation function and PEF is able to reflect the severity of airway obstruction. In this study, either abnormality in ventilatory function, or diffuse function, or residual volume was defined as lung dysfunction.

2.3. Statistical analysis
-------------------------

PASW statistics (18.0, Polar Engineering and Consulting, Chicago, IL) was used for the statistical analysis. Comparisons of rates among multiple groups were done with Fisher exact test, continuous variables were compared with 1-way ANOVA, single factor correlation analysis was done by logistic regression and level data were analyzed with rank sum test. A value of *P* less than .05 was considered statistically significant.

3. Results
==========

3.1. Patients' characteristics
------------------------------

The characteristics of 114 IBD patients are shown in Table [1](#T1){ref-type="table"}. Among them, UC was diagnosed in 50 patients (43.86%) and CD in 64 patients (56.14%). There were 52 males (45.95%) and 62 females (54.05%). The mean age was 44.05 ± 19.44 years (range: 17--81 years) in IBD patients and 50.93 ± 15.10 years (range: 14--75 years) in 120 healthy controls. Twenty-seven (22.5%) among the healthy controls had a history of smoking. There were no significant differences in the sex, age, and other parameters at baseline between IBD group and control group.

###### 

Medical characteristics of 114 patients with IBD.
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3.2. Prevalence of pulmonary function in both groups
----------------------------------------------------

Among IBD patients, lung dysfunction was found in 107 patients (93.86%), including 46 (92.00%) UC patients and 61 (95.31%) CD patients. However, abnormal lung function was found in 27 (22.5%) controls. Table [2](#T2){ref-type="table"} shows the counts of ventilatory dysfunction, diffusion dysfunction, and residual volume abnormality in each group. The proportion of patients with abnormal residual volume (RV), ventilatory dysfunction, and diffusion dysfunction in IBD patients was significantly higher than in control group (*P* \< .05), but no difference was found between UC group and CD group (*P* \> .05).

###### 

Incidences of pulmonary dysfunction \[n/(%)\].
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3.3. Changes in pulmonary function of IBD patients
--------------------------------------------------

All 114 IBD patients and 120 controls underwent standard lung function testing. When compared with controls, VC, FVC, maximum ventilatory volume (MVV), FEV~1~, MMEF (*P* \< .0001), and PEF (*P* \< .001) reduced significantly in IBD patients, but FEV~1~/FVC was comparable between IBD patients and controls (*P* \> .01) (Table [3](#T3){ref-type="table"}). In addition, no difference was found in these parameters between UC group and CD group.

###### 

Pulmonary function parameters in controls and IBD patients (normalized to predicted value, %).
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3.4. Correlation between pulmonary function and clinical characteristics
------------------------------------------------------------------------

The correlation of pulmonary function with clinical manifestations including duration of disease, CDAI or UCAI, CRP, ESR, hemoglobin, use of glucocorticoid or infliximab, and complications, were evaluated with logistic regression analysis. As shown in Table [1](#T1){ref-type="table"}, some probable factors which may cause or aggravate lung dysfunction in IBD patients were set out. So we put them into logistic regression and found that, the duration of disease and raised ESR were risk factors for IBD patients to suffer from pulmonary dysfunction (OR: 0.824, 95% CI: 0.687--0.987 and 1.093, 95% CI: 0.994--1.202, respectively). It is suggested that the duration of disease is a protective factor, while raised ESR a harmful factor.

4. Discussion
=============

The incidence of IBD is increasing universally over years. Its extraintestinal manifestations (such as fever, anemia, arthritis, oral ulcers, and iritis) are complex and frequently found in clinical practice.^\[[@R19],[@R20]\]^ However, few studies have been conducted to report the respiratory abnormalities related to IBD.

As early as in 1976, Kraft et al^\[[@R10]\]^ described 6 patients in whom chronic bronchial suppuration appeared between 3 and 13 years after the onset of UC, including 4 chronic bronchitis and bronchiectasis in 4 cases and lung damage after bowel resection in 2 cases, and five were associated with obstructive lung dysfunction. This was the first report on the lung dysfunction secondary to IBD. Thereafter, increasing studies report the pulmonary manifestations in IBD patients. Emerging evidence shows that intestinal inflammation is related to the lung dysfunction, and may cause diseases such as bronchitis, bronchiectasis, asthma, pulmonary parenchymal disease, pulmonary vascular disease, and so on.^\[[@R11],[@R12],[@R21]\]^

In a study on UC patients, small airway obstruction characterized by 25% to 75% diminished FEF in 57.6% of patients, 30.7% with restrictive dysfunction in and 11.5% with obstructive dysfunction. The proportion of patients with pulmonary dysfunction significantly increased in active UC patients when compared with controls.^\[[@R7]\]^ Desai et al^\[[@R22]\]^ also found small airway dysfunction in IBD patients despite of their normal baseline spirometric values, but there was no significant difference between active IBD patients and nonactive IBD patients. In this study, among all patients, the most common abnormalities in lung dysfunction were decreases in VC, FVC, FEV~1~, MVV, PEF, MMEF, and FEV~1~/FVC. The decreases in VC, FVC, and FEV~1~ suggest restrictive ventilatory dysfunction, while reduced FEV~1~, FEV~1~/FVC, PEF, MVV, and RV suggest obstructive ventilatory dysfunction, and the coexistence of these changes suggests mixed ventilatory dysfunction. However, the MVV%/VC% of \<1 in both UC group and CD group indicates that obstructive dysfunction is the major feature of mixed ventilatory dysfunction.^\[[@R23]\]^ All these findings reveal pulmonary function damages in IBD: it may be expressed as a simple restrictive or obstructive ventilatory dysfunction, or as mixed ventilatory dysfunction dominated by obstructive dysfunction. However, the pulmonary dysfunction has no relationship with the activity of IBD.

In our study, the incidence of pulmonary dysfunction was relatively high in patients with IBD (93.86%), but few of them showed abnormality in respiratory symptoms (3.51%) and X-ray findings (2.63%), respectively, which was consistent with previously reports.^\[[@R22]\]^ In addition, the pulmonary function damages in IBD are insidious, and thus little attention is paid to the pulmonary complications in IBD patients.^\[[@R24]\]^ The specific incidence of IBD complicated with pulmonary dysfunction is still unclear, but it is underestimated in present studies. On one hand, there are no obvious discomforts in most patients, and thus they may not visit hospital. On the other hand, clinicians occasionally neglect the respiratory symptoms appearing years after the diagnosis of intestinal diseases before the later stage of these diseases. Thus, clinicians should pay more attention to the relationship between IBD and pulmonary dysfunction.

The pathogenesis of pulmonary involvement in IBD is still poorly understood. One proposed hypothesis is the shared embryological derivation of the lung and gastrointestinal tract, and the similarity in the immune systems of pulmonary and intestinal mucosa.^\[[@R25]\]^ A theory proposes that lymphocytes sensitized by the gastrointestinal tract may induce inflammation on the mucosal surfaces of other organs. A study revealed alveolar lymphocytosis in CD patients in spite of free clinical symptoms and normal lung function.^\[[@R26]\]^ Another study indicated the CD4/CD8 ratio significantly increased in induced sputum from patients with active CD,^\[[@R21]\]^ suggesting that there was a migration of intestinal lymphocytes through the general circulation to the intestinal mucosal immune system.^\[[@R27],[@R28]\]^ The gut mucosa with abnormal immunity is associated with increased nonspecific inflammatory mediators, including cytokines, chemokines, growth factors, arachidonic acid metabolites (prostaglandins and leukotrienes) and nitrous oxide. These mediators participate in and promote the mucosal injury. Previous studies also reported that, in the lung tissues of patients with colitis, the activity of oxidases (such as lipid peroxidase and myeloperoxidase) significantly increased, while that of antioxidases (such as superoxide dismutase, catalase, glutathione, and glutathione peroxidase) significantly reduced. This indicates that the production of oxygen-free radicals and oxidation intermediates secondary to oxidative stress leads to lung injury, which may be one of main causes of lung injury associated with IBD.^\[[@R29]\]^ In our study, the duration of disease and ESR were closely related to the pulmonary dysfunction. On the basis of our findings, the duration of disease functions as a protective factor, suggesting that the pulmonary dysfunction might be related to the acute inflammation in the early stage. The severe inflammatory response in early stage may increase the possibility of developing pulmonary dysfunction in IBD patients. With the progression of IBD, the chronicity of inflammation might probably reduce the possibility of developing pulmonary dysfunction. ESR was found as a harmful factor, and IBD patients with higher ESR had a greater risk for developing pulmonary dysfunction. This might be concerned with the duration and severity of inflammation, the severity of the disease itself, and the decreased immune function of the patients. However, the confidence interval of ESR was from 0.994 to 1.202, which may be ascribed to the small sample size and the confounding factors. Further studies with large sample size are required to confirm our findings.

In summary, IBD is a systemic and complicated disease involving a lot of systems including the lung. Its incidence is increasing and there are great challenges in both clinical and basic studies. In clinical practice, IBD patients with a high percentage are caught by pulmonary dysfunction but only a small proportion are identified. Thus clinicians should pay attention to the recognition and diagnosis of lung dysfunction in IBD patients and luckily more and more clinicians have recognized this. Pulmonary function test might be one of the noninvasive means of determining the activity of disease and might contribute to the early detection of latent pulmonary involvement. As other noninvasive methods improved, such as detection of exhaled air (nitric oxide, carbon monoxide, and markers of oxidative stress) and induced sputum (cytological analysis), will allow more in-depth studies with large sample size on IBD patients, which may facilitate a deeper understanding of the pathogenesis responsible for the IBD-related pulmonary diseases.

Abbreviations: CD = Crohn disease, CRP = C-reaction protein, ESR = erythrocyte sedimentation rate, FEV~1~ = forced expiratory volume in first second, FVC = forced vital capacity, IBD = inflammatory bowel disease, MMEF = maximum mid-expiratory flow, MVV = maximum ventilatory volume, PEF = peak expiratory flow rate, UC = ulcerative colitis, VC = vital capacity.
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